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Abstract: Traumatic injuries, genetic diseases, and external harmful agents such as bacteria and acids
often compromise tooth integrity. There is an unmet medical need to develop alternative, innovative
dental treatments that complement traditional restorative and surgery techniques. Stem cells have trans-
formed the medical field in recent years. The combination of stem cells with bioactive scaffolds and
nanostructured materials turns out to be increasingly beneficial in regenerative dental medicine. Stem
cell-based regenerative approaches for the formation of dental tissues will significantly improve treat-
ments and will have a major impact in dental practice. To date there is no established and reliable stem
cell-based treatment translated into the dental clinics, however, the advances and improved technological
knowledge are promising for successful dental therapies in the near future. Here, we review some of the
contemporary challenges in dental medicine and describe the benefits and future possibilities of certain
novel approaches in the emerging field of regenerative dentistry.
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D2URIDFLDO 'HYHORSPHQW DQG 5HJHQHUDWLRQ ,QVWLWXWH RI 2UDO %LRORJ\ &HQWUH RI 'HQWDO




















7UDXPDWLF LQMXULHV JHQHWLF GLVHDVHV DQG H[WHUQDO KDUPIXO DJHQWV VXFK DV EDFWHULD DQG DFLGV
RIWHQ FRPSURPLVH WRRWK LQWHJULW\ 7KHUH LV DQ XQPHW PHGLFDO QHHG WR GHYHORS DOWHUQDWLYH
LQQRYDWLYHGHQWDO WUHDWPHQWV WKDWFRPSOHPHQW WUDGLWLRQDO UHVWRUDWLYHDQGVXUJHU\ WHFKQLTXHV
6WHPFHOOVKDYHWUDQVIRUPHGWKHPHGLFDOILHOG GXULQJWKHODVW\HDUV7KH FRPELQDWLRQRIVWHP
FHOOV ZLWK ELRDFWLYH VFDIIROGV DQG QDQRVWUXFWXUHG PDWHULDOV WXUQ RXW WR EH LQFUHDVLQJO\
EHQHILFLDO LQ UHJHQHUDWLYH GHQWDOPHGLFLQH 6WHPFHOOEDVHG UHJHQHUDWLYH DSSURDFKHV IRU WKH
IRUPDWLRQRIGHQWDOWLVVXHVZLOOVLJQLILFDQWO\LPSURYHWUHDWPHQWVDQGZLOOKDYHDPDMRULPSDFW
LQ GHQWDO SUDFWLFH 7R GDWH WKHUH LV QR HVWDEOLVKHG DQG UHOLDEOH VWHP FHOOEDVHG WUHDWPHQW
WUDQVODWHG LQWR WKH GHQWDO FOLQLFV KRZHYHU WKH DGYDQFHV DQG LPSURYHG WHFKQRORJLFDO
NQRZOHGJHDUH SURPLVLQJIRUVXFFHVVIXOGHQWDO WKHUDSLHVLQWKHQHDUIXWXUH+HUH ZHUHYLHZ






DUHDNH\ IHDWXUH RI IDFLDO DHVWKHWLFV7RRWK IXQFWLRQLQJ UHOLHV RQ LWV XQLTXHFRPELQDWLRQRI
KDUG DQG VRIW WLVVXHV (QDPHO LV WKH KDUGHVW WLVVXH RI WKH KXPDQ ERG\ ZLWK H[FHSWLRQDO
SK\VLFDO FKDUDFWHULVWLFV WR ZLWKVWDQG PDVWLFDWRU\ IRUFHV DQG WR SURWHFW GHQWDO WLVVXHV IURP
FKHPLFDODQGEDFWHULDODVVDXOWV )LJXUH$ $PHOREODVWVV\QWKHVL]HWKHRUJDQLFFRPSRQHQWV
RI HQDPHO ZKHUH K\GUR[\DSDWLWH SULVPV DUH IRUPHG EXW WKHVH FHOOV DUH ORVW XSRQ WRRWK
HUXSWLRQ PDNLQJ KXPDQ WHHWK LQFDSDEOH RI UHJHQHUDWLQJ HQDPHO 'HQWLQ IRUPV D OHVV
PLQHUDOL]HG PDWUL[ WLJKWO\ LQWHUFRQQHFWHG ZLWK WKH HQDPHO DQG GHQWDO SXOS D ULFKO\




WR EDFWHULD XSRQHQDPHOGHVWUXFWLRQ 8SRQWRRWKLQMXU\DQHZO\IRUPHGGHQWLQ RUERQHOLNH
PDWUL[LH WHUWLDU\GHQWLQSURWHFWVSXOSYLWDOLW\EXWPRUH LPSRUWDQW GDPDJH RIWHQ OHDGV WR
SXOSQHFURVLV 7HHWKDUHDQFKRUHG WR WKHDOYHRODUERQHE\ WKHLU URRWV WKDWFRQVLVWRIGHQWLQ
DQGFHPHQWXP7KHURRWVDUHFRQQHFWHGWRWKHERQHYLDWKHSHULRGRQWDOOLJDPHQWDFRQQHFWLYH
WLVVXH WKDWSURYLGHVVWDELOLW\WRWKHWHHWKDQGDEVRUEVPHFKDQLFDOVWUHVVHVGXULQJPDVWLFDWLRQ
7UDXPDWLFLQMXULHV LQIHFWLRQVDQGJHQHWLFGLVHDVHVFRPELQHGZLWKDJHRIWHQUHVXOW LQ WRRWK
ORVV,WLVWKHUHIRUHQHFHVVDU\ WRGHYHORSLQQRYDWLYHDSSURDFKHVIRU WKHUHSDLUUHJHQHUDWLRQ RI
GDPDJHGRUPLVVLQJGHQWDODQGDOYHRODUERQHWLVVXHV +RZHYHUWKHXQLTXHFKDUDFWHULVWLFVRI
HQDPHO DQG GHQWLQ PDNH WRRWK UHJHQHUDWLRQ SDUWLFXODUO\ FKDOOHQJLQJ 7HFKQRORJLFDO
DGYDQFHPHQWVUDQJLQJIURPGLJLWDOL]DWLRQWRQDQRWHFKQRORJ\KDYHEHFRPHDQLQKHUHQWDVSHFW
RI PDQ\ PHGLFDO ILHOGV DQG WKH VDPH DSSOLHV WR GHQWLVWU\ 7KHVH SURJUHVVHV DLP WR RIIHU
³0RGHUQWUHQGVLQGHQWDOPHGLFLQH´*2UVLQL33DJHOOD7$0LWVLDGLV

LPSURYHG IDVWHU SDLQOHVV DQG PRUH HIIHFWLYH WUHDWPHQWV ZKHQ FRPSDUHG WR PHWKRGV
WUDGLWLRQDOO\XVHGLQGHQWDOFOLQLFV
7(&+12/2*,&$/,1129$7,216 ,1&855(17'(17$/75($70(176
7KH JUHDW LPSURYHPHQWV LQ FRPSXWLQJUHODWHG WHFKQRORJLHV KDV KHOSHG LQ HVWDEOLVKLQJ QHZ




7KH VXFFHVV RI GHQWDO WUHDWPHQWV DLPLQJ WR UHVWRUH GDPDJHGRU ORVW GHQWDO WLVVXHV UHOLHV RQ
LQQRYDWLYHELRPDWHULDOV1DQRWHFKQRORJ\KDVUHPDUNDEO\LPSURYHG WKHLU SHUIRUPDQFHDVZHOO
DV WKH FOLQLFDO RXWFRPH RI GHQWDO WUHDWPHQWV ,QQRYDWLYH ' SULQWLQJ V\VWHPV DUH XVHG LQ
SURVWKHWLFGHQWLVWU\WRPDQXIDFWXUHFXVWRPL]HGSURGXFWVEDVHGRQFRPSXWHUGHVLJQHGGLJLWDO
WRROV 0RGHUQPDWHULDOVKDYH DOVRXSJUDGHG DHVWKHWLFGHQWLVWU\ WKHILHOGDLPLQJWRRSWLPL]H
WKHDHVWKHWLFDSSHDUDQFHRIGHQWLWLRQ 6LPLODUO\SDLQPDQDJHPHQWKDVHQRUPRXVO\EHQHILWHG
IURPWKHDGYHQWRIWKHVHQRYHOLPDJLQJDQGFRPSXWLQJEDVHGWHFKQRORJLHV 7KH FDSDFLW\RI
VWHP FHOOV WR UHSDLU GDPDJHG WLVVXHV KDV EHHQ DOVR H[SORUHG LQ GHQWLVWU\ 6WHP FHOOEDVHG
UHJHQHUDWLYHDSSURDFKHV DUHFORVHO\OLQNHGWRDGYDQFHGWLVVXHHQJLQHHULQJSURGXFWVDQGKDYH
FUHDWHGDQLPSRUWDQWFOLQLFDOVKLIWWRZDUGWKHIXQFWLRQDOUHJHQHUDWLRQRIGHQWDOWLVVXHV
6WHP FHOOV DUH FKDUDFWHUL]HG E\ WKHLU SRWHQWLDO WR VHOIUHSOLFDWH DQG WKHLU FDSDFLW\ WR
GLIIHUHQWLDWHLQWRDYDVWGLYHUVLW\ RIFHOOSRSXODWLRQV (SLWKHOLDODQGPHVHQFK\PDOVWHPFHOO
SRSXODWLRQV DUH SUHVHQW LQ DOPRVW DOO DGXOW KXPDQ WLVVXHV DQG RUJDQV LQFOXGLQJ WHHWK $
YDULHW\RIGHQWDOPHVHQFK\PDOVWHPFHOOV '06&VKDYHEHHQLVRODWHGIURPERWKGHFLGXRXV
DQGSHUPDQHQWWHHWKFKDUDFWHUL]HGDQGWHVWHGIRUWKHLUSRWHQWLDODSSOLFDWLRQVLQUHJHQHUDWLYH
GHQWLVWU\ $GXOW'06&VORFDOL]HGLQWKHGHQWDOSXOSDQGSHULRGRQWDO WLVVXHV HQVXUHKXPDQ
³0RGHUQWUHQGVLQGHQWDOPHGLFLQH´*2UVLQL33DJHOOD7$0LWVLDGLV

WRRWK KRPHRVWDVLV DQG UHJHQHUDWLRQ DQG WKHUHIRUH UHSUHVHQW RSWLPDO FOLQLFDO WRROV IRU WKH
UHSDLU RI GDPDJHG GHQWDO WLVVXHV $FWXDO HIIRUWV DUH RULHQWHG WRZDUGV SXOS DQG SHULRGRQWDO
WLVVXHUHSDLUZKHUHWKHVHWLVVXHVFDQEHUHJHQHUDWHGE\WUDQVSODQWDWLRQRIVWHPFHOOVDORQHRU
LQ FRPELQDWLRQ ZLWK VFDIIROGV )LJXUH % & %LRGHJUDGDEOH VFDIIROGV DFW DV WHPSRUDU\
QLFKHV IRU WUDQVSODQWHG VWHP FHOOV DQG FDQ JXLGH WKHP WRZDUGV D SUHFLVH FHOO W\SH HJ
RVWHREODVW RGRQWREODVW FKRQGUREODVW WKDW ZLOO IXOILOO WKH QHHGV RI WKH GHQWDO WUHDWPHQW
7UDQVSODQWHGVWHPFHOOVFDQEHWUDFNHGIRUORQJSHULRGVZLWKPRGHUQLPDJLQJV\VWHPVVXFKDV
0DJQHWLF5HVRQDQFH,PDJLQJ05,DQG&RPSXWHG7RPRJUDSK\&7 DQGSURYLGHSUHFLRXV
LQIRUPDWLRQ DERXW WKHLU UROH LQ WKH UHSDLU RI GHQWDO WLVVXHV 7KLV NQRZOHGJH ZLOO DOORZ
HYDOXDWLQJ WKH WKHUDSHXWLF HIILFDF\ RI VSHFLILF GHQWDO VWHP FHOO SRSXODWLRQV DQG FRQVROLGDWH
WKHLUDFFXUDF\LQGHQWDOWUHDWPHQWV
7KH UHJHQHUDWLRQ RI WRRWK HQDPHO XVLQJ HSLWKHOLDO FHOOV LV PRUH FKDOOHQJLQJ VLQFH QHLWKHU
GHQWDO HSLWKHOLDO VWHP FHOOV '(6&V QRU DPHOREODVWV DUH SUHVHQW LQ WKH FURZQ RI DGXOW
IXQFWLRQDOWHHWK )LQDOO\PRUH H[FLWLQJLVWKHSHUVSHFWLYHWRJHQHUDWHHQWLUHEUDQGQHZWHHWK
E\PL[LQJ '(6&VDQG'06&V$OWKRXJKYHU\ FKDOOHQJLQJDQG DPELWLRXV VHYHUDO DWWHPSWV
WRZDUGVWKLVGLUHFWLRQKDYHEHHQSXUVXHG LQDQLPDOPRGHOV
$OPRVWDOO GHQWDOGLVFLSOLQHVFDQEHQHILW IURP WKH UHFHQWDGYDQFHVRI VWHPFHOOELRORJ\ DQG





WUDXPDWLF LQMXULHV RU FDULRXV OHVLRQV 3URPSW DQG HIILFLHQW UHSDLU RI HQDPHO DQG GHQWLQ LV
IXQGDPHQWDOWRSUHYHQWEDFWHULDOSURSDJDWLRQ WRZDUGV WKHYLWDOGHQWDOVRIWWLVVXHV RIWKHSXOS
³0RGHUQWUHQGVLQGHQWDOPHGLFLQH´*2UVLQL33DJHOOD7$0LWVLDGLV

DQG SHULRGRQWLXP DVZHOODV WKHDOYHRODUERQH 7KHPRVWXVHG DSSURDFKIRUWUHDWLQJLQMXUHG
HQDPHODQGGHQWLQ LVWKHLU VXEVWLWXWLRQDQGWRRWKUHVWRUDWLRQE\ DGYDQFHGFRPSRVLWHPDWHULDOV
7UDGLWLRQDO DGKHVLYHV\VWHPVDUH XQVWDEOHDQGIDLORYHUWLPHOHDGLQJWRPDUJLQDOOHDNDJHDQG
SRRUUHWHQWLRQRI WKHUHVWRUDWLRQLQ WKHWRRWK ,QQRYDWLYH DGKHVLYHPDWHULDOVZLWKLPSURYHG
HQDPHO DQGRUGHQWLQERQGLQJSHUIRUPDQFHLQFUHDVHG WKHORQJHYLW\RI WKHUHVWRUDWLRQV WKXV
SUHYHQWLQJ UHSHDWHG GHQWDO WUHDWPHQWV 7KH LQFRUSRUDWLRQ RI QDQRVWUXFWXUHV LQ GHQWDO
FRPSRVLWHV HQKDQFHG WKHLU VWDELOLW\ DQG DHVWKHWLF SURSHUWLHV DV ZHOO DV UHGXFHG WKH
GHJUDGDWLRQRIWKHUHVLQWRRWKERQGHGLQWHUIDFH 7KHVHQHZPDWHULDOVFRXOGDOVRFRQWUROWKH
SURSDJDWLRQ RI RUDO EDFWHULD DV ZHOO DV WKH IRUPDWLRQ RI GHQWDO SODTXH )XUWKHUPRUH
K\GUR[\DSDWLWHSDUWLFOHVDUHXVHG LQGHQWLIULFHV WR VWLPXODWH WKH UHPLQHUDOL]DWLRQ SURFHVV RI
K\SHUVHQVLWLYHWHHWKZLWKGHWHULRUDWHGHQDPHO
7RRWK FURZQV XVLQJ FHUDPLFEDVHG PDWHULDOV GLVSOD\ VXSHULRU DHVWKHWLF DSSHDUDQFH DQG
ELRFRPSDWLELOLW\ DQG WKHUHIRUH DUH SULYLOHJHG E\ GHQWLVWV IRU WKH UHVWRUDWLRQ RI GDPDJHG
WHHWK +RZHYHU FHUDPLFEDVHG FURZQV DUH EULWWOH DQG SURQH WR FUDFNV EXW UHFHQW
WHFKQRORJLFDODGYDQFHVSHUPLWWHGWKHGHYHORSPHQWRIKLJKHUDJLQJUHVLVWDQWFHUDPLFV VXFKDV
]LUFRQLD WKDW H[KLELW H[FHSWLRQDOWRXJKQHVVDQGIOH[LELOLW\
7KHLGHDODOWHUQDWLYHVROXWLRQWRRYHUFRPHDOOSUREOHPVUHODWHGWRWKH XVHRIGHQWDOPDWHULDOV
ZRXOGEH WKHGHQRYR IRUPDWLRQRIQDWXUDO HQDPHORQHRI WKHJUHDWHVW FKDOOHQJHV LQGHQWDO
PHGLFLQH 7KHUHFHQWDGYDQFHVLQVWHPFHOOEDVHGWHFKQRORJ\ JHQHUDWHGJUHDW HQWKXVLDVPDQG
KRSHV(IIRUWVWRLVRODWH'(6&VIURP SHULRGRQWDOWLVVXHVRIDGXOWKXPDQWHHWKZHUHVXFFHVVIXO
DQGLQFUHDVHGWKHH[SHFWDWLRQVIRU HQDPHOUHJHQHUDWLRQ6HYHUDOVWXGLHVXVLQJDQLPDOPRGHOV
KDYH VKRZQ WKDW WKHVH FHOOV FDQ IRUPHQDPHO DIWHU WKHLU WUDQVSODQWDWLRQ LQ YLYR +RZHYHU
'(6&VDUHQRWDEXQGDQWLQ KXPDQWHHWK DQGWKHUHIRUHFRXOGQRWEHURXWLQHO\XVHGLQFOLQLFV
IRUUHVWRUDWLYH SXUSRVHV7KHUHIRUHLWLV QHFHVVDU\WRLGHQWLI\ RWKHUKXPDQHSLWKHOLDOVWHPFHOO
SRSXODWLRQV RI QRQGHQWDO RULJLQ WKDW ZRXOG EH DEOH WR JHQHUDWH HQDPHO $QRWKHU SUREOHP
³0RGHUQWUHQGVLQGHQWDOPHGLFLQH´*2UVLQL33DJHOOD7$0LWVLDGLV

OLQNHG WR WKH IRUPDWLRQ RI HQDPHO E\'(6&V LV WKDW WKLV SURFHVV UHTXLUHV VHYHUDO \HDUV LQ
KXPDQV D WLPH IUDPH FOHDUO\ LQFRPSDWLEOH ZLWK FOLQLFDO QHHGV 3URFHGXUHV DOORZLQJ WKH
FRQVLGHUDEO\DFFHOHUDWLRQRI WKLVSURFHVVZRXOG EHEHQHILFLDO WRERWKGHQWDOSUDFWLWLRQHUVDQG
SDWLHQWV




WKH GHQWDO URRW FDQDOV DQG WKH UHSODFHPHQW RI WKH SXOS WLVVXH ZLWK LQRUJDQLF PDWHULDOV
'HYLWDOL]HG WHHWK DUH PRUH IUDJLOH WKDQ SK\VLRORJLFDO LQWDFW WHHWK DQG DUH FRQVHTXHQWO\
SUHGLVSRVHGWRSRVWRSHUDWLYHIUDFWXUHV 7RRYHUFRPHWKLVQHZHQGRGRQWLFWUHDWPHQWV LQWHQW
WRUHJHQHUDWH SK\VLRORJLFDOSXOSWLVVXHV XVLQJDFRPELQDWLRQRIELRPDWHULDOVDQWLEDFWHULDODQG
DQWLLQIODPPDWRU\ PROHFXOHV JURZWK IDFWRUV DQG VWHP FHOOV 6FDIIROGV FRQWDLQLQJ KXPDQ
'06&VKDYHEHHQXVHGWRDFKLHYHUHJHQHUDWLRQRIWKHHQWLUHGHQWDOSXOSWLVVXH)LJXUH%






GHQWDO SXOSV +RZHYHU E\ WKH H[FHSWLRQ RI K\GUR[\DSDWLWHEDVHG LQMHFWDEOH JHOVPRVW RI
WKHVH SURSRVHG PDWHULDOV KDYH QRW UHFHLYHG WKH DSSURYDO IURP WKH )RRG DQG 'UXJ
$GPLQLVWUDWLRQ)'$ 5HFHQWUHJHQHUDWLYHHQGRGRQWLFSURFHGXUHVLQYROYHWKHIRUPDWLRQRI
EORRGFORWV ZLWKLQ WKH URRW FDQDOV7KHVH FORWV DFW DVQDWXUDO VFDIIROGVKRVWLQJ'06&V WKDW






3HULRGRQWDO SDWKRORJLHV VWURQJO\ DIIHFW WRRWK IXQFWLRQDOLW\ DQG RYHUDOO RUDO KHDOWK 6HYHUH
SHULRGRQWDOLQIODPPDWLRQOHDGVWRVLJQLILFDQWDOWHUDWLRQVLQERWKWKHVWUXFWXUHDQGTXDQWLW\RI
WKH DOYHRODU ERQH DQG SHULRGRQWDO OLJDPHQW WKDW FRXOG XOWLPDWHO\ FDXVH WRRWK ORVV
&RQWHPSRUDU\SHULRGRQWDO WKHUDSLHV LQFOXGH DZLGHUDQJHRIVXUJLFDOSURFHGXUHVDORQJZLWK
WKH XVH RI QDWXUDO RU V\QWKHWLF ERQH JUDIWV EDUULHU PHPEUDQHV DQG JURZWK IDFWRUV 








LPSURYLQJ WKH UHJHQHUDWLYH HIILFDF\ RI'06&V LQ WKH SHULRGRQWLXP +RZHYHU D IUHTXHQW
VLGH HIIHFW IROORZLQJ WKH XVH RI %03V LV H[FHVVLYH ERQH IRUPDWLRQ WKDW UHVXOWV LQ WRRWK
DQN\ORVLV $GYDQFHG ERQH JUDIWLQJ PDWHULDOV FRQWDLQLQJ SODWHOHWULFK SODVPD DQG HQDPHO





7KH XVH RI GHQWDO LPSODQWV KDV EHFRPH D FRPPRQ DQG VXFFHVVIXO WUHDWPHQW IRU UHSODFLQJ
PLVVLQJWHHWK $W\SLFDOGHQWDOLPSODQWLVFRPSRVHGRIDPHWDOVFUHZSDUWZKLFK LQWHUIDFHV
DQG LQWHJUDWHVZLWKLQ WKH DOYHRODU ERQH DQG DQRWKHU SDUWZKHUH D WRRWK FURZQ VXEVWLWXWH LV
SODFHG'HVSLWHWKHLUODUJHDQGUHJXODUXVDJHLQGHQWDOFOLQLFVLPSODQWV VWLOOQHHGVLJQLILFDQW
LPSURYHPHQWV SDUWLFXODUO\ LQ WKHLU FDSDFLW\ WR VWLPXODWH ERQH IRUPDWLRQ DQG SURPRWH
DQJLRJHQHVLV DWWKHLPSODQWDWLRQVLWH 7KHLQWHJUDWLRQRIGHQWDOLPSODQWVWRWKHDOYHRODUERQH
DVZHOODVWKHLUORQJHYLW\KDYH EHHQFRQVLGHUDEO\LPSURYHGE\PRGLI\LQJWKHLU VXUIDFH XVLQJ
YDULRXV FRDWLQJPDWHULDOVHJ JROGQDQRSDUWLFOHVWKDW DOORZDIDVWHU KHDOLQJDQGDGKHVLRQ
+RZHYHU WKHUH LV DPDMRU ULVNRI LQIHFWLRQRI WLVVXHV VXUURXQGLQJ WKH LPSODQW DSDWKRORJ\
WHUPHG SHULLPSODQWLWLV ,QFRUSRUDWLRQ RI DQWLEDFWHULDO DJHQWV WR WLWDQLXP GHQWDO LPSODQWV
VXFK DV VLOYHU QDQRSDUWLFOHV FDQ OLPLW EDFWHULDO JURZWK WKXV DYRLGLQJ LQIHFWLRQ LPSURYLQJ
LPSODQW SHUIRUPDQFHV DQG LQFUHDVLQJ WKH VXFFHVV RI WUHDWPHQW 7R GDWH RQO\ IHZ
UDQGRPL]HGSUHFOLQLFDODQGFOLQLFDOWULDOVKDYHEHHQSHUIRUPHGIRUJXLGHGERQH UHJHQHUDWLRQ
DURXQG LPSODQWV XVLQJ JURZWK IDFWRUV DQG SURWHLQ GHOLYHU\ V\VWHPV 7KHUHIRUH WKH
UHDOL]DWLRQRI ODUJHUFOLQLFDO WULDOV LVDEVROXWHO\QHFHVVDU\ IRUYDOLGDWLQJ WKHHIILFLHQF\RIDOO
WKHVHQRYHOPDWHULDOVDQGWHFKQLTXHV
5HJHQHUDWLRQRIHQWLUHEUDQGQHZ WHHWKIRUWKHUHSODFHPHQWRIPLVVLQJRUORVWWHHWKLVWKHPRVW
DPELWLRXVJRDO LQGHQWLVWU\ 7ZR PDLQVWUDWHJLHV KDYHEHHQHODERUDWHG IRU WKHIRUPDWLRQ
RIQHZWHHWK 2QHDSSURDFKFRQVLVWVLQIRUPLQJWRRWKJHUPVE\UHFRPELQLQJ'(6&VDQG
'06&VWKDWZLOOEHVXEVHTXHQWO\WUDQVSODQWHGLQWRWKHDOYHRODUERQH,WLVH[SHFWHGWKDWWKHVH
WHHWK ZLOO IXUWKHU GHYHORS DQG HUXSW LQWR WKH RUDO FDYLW\$QRWKHU DSSURDFK UHOLHV RQ WRRWK
VKDSHGELRGHJUDGDEOHVFDIIROGV ILOOHG ZLWKERWK'(6&VDQG'06&VDQG LPSODQWHG LQWR WKH
DOYHRODU ERQH DVVXPLQJ WKDW WKH\ZLOO ILQDOO\ IRUP IXQFWLRQDO WHHWK ([SHULPHQWV LQPLFH




OLPLWHG QXPEHU RI DGXOW KXPDQ '(6&V 7KLV SUREOHP FRXOG EH UHVROYHG E\ XVLQJ WKH
LQGXFLEOH SOXULSRWHQW VWHP FHOOV L36&V WHFKQRORJ\ IRU WKH JHQHUDWLRQ RI HQDPHO 
$OWKRXJK SURPLVLQJ WKHVH DSSURDFKHV QHHG IXUWKHU LQYHVWLJDWLRQ DV HIIHFWLYH SURWRFROV IRU
WKHXVHRI L36&V LQFOLQLFV DUHQRWDYDLODEOH\HW
129(/7(&+12/2*,&$/3/$7)2506)25'(17$/$33/,&$7,216
7UDQVODWLRQRISUHFOLQLFDOUHVXOWVLQWRHIIHFWLYHFHOOEDVHGWKHUDSLHVUHPDLQVSRRU KLJKOLJKWLQJ
WKH QHHG IRU DFFXUDWH KXPDQHPXODWLRQ V\VWHPV 5HFHQWO\ ' LQ YLWUR V\VWHPV WHUPHG
RUJDQRLGV RUVSKHUHVWKDWFRQWDLQDQLPSRUWDQWQXPEHURIVWHPFHOOVDQGDOORZWKHUHFUHDWLRQ
RI VLPLODU WR WKH LQ YLYR FRQGLWLRQV KDYH EHHQ VXFFHVVIXOO\ JHQHUDWHG IURP ERWK GHQWDO
HSLWKHOLDO DQG PHVHQFK\PDO WLVVXHV 7KHVH ' VWUXFWXUHV PLJKW EH YDOXDEOH VRXUFHV RI
'06&VDQG'(6&VIRUGHQWDOUHJHQHUDWLYHSXUSRVHV )XUWKHUPRUHWKH\UHSUHVHQWWRROVIRU
VWXG\LQJ WKHHIIHFWVRIQRYHOSKDUPDFHXWLFDOSURGXFWVDQGPDWHULDOV WRGHQWDO WLVVXHVEHIRUH
WKHLUFOLQLFDOXVH
0LQLDWXUL]HG ³RUJDQRQFKLS´ GHYLFHV DUH EDVHG RQ UHFHQW WHFKQRORJLFDO DGYDQFHPHQWV LQ
PLFURIOXLGLFV 7KHVH GHYLFHV VXFFHVVIXOO\ HPXODWH KXPDQ SDWKRSK\VLRORJLFDO FRQGLWLRQV RI
VSHFLILF WLVVXHV DQG RUJDQV LQ YLWUR 0LFURIOXLGLFV KDYH EHHQ XVHG IRU WKH ILUVW WLPH WR
DQDO\]HWKHUROHRI LQQHUYDWLRQLQGHQWDO WLVVXHVDQG'06&V 7KHVHGHYLFHVPLJKWEHDOVR









7HFKQRORJLFDO DGYDQFHV DQG LQQRYDWLYH WUHDWPHQWV XVLQJ VWHP FHOOV DQG ELRPDWHULDOV DUH
UHYROXWLRQL]LQJ WKHILHOGRIGHQWLVWU\$OWKRXJK WKHVHSLRQHHULQJVWHPFHOOEDVHG WKHUDSHXWLF
DSSURDFKHV DLP DW LPSURYLQJ GHQWDO FDUH LQ WKH QHDU IXWXUH WKH\ DUH QRW \HW DSSOLFDEOH LQ
FOLQLFV &RPSXWLQJUHODWHG DQG WLVVXH HQJLQHHULQJ WHFKQRORJLHV RIIHU D SOHWKRUD RI H[FLWLQJ
SHUVSHFWLYHV WR GHQWDO PHGLFLQH DQG PLJKW SURYLGH QHZ QRQLQYDVLYH WHFKQLTXHV IRU WKH














DQG SHULRGRQWDO UHSDLU DQG UHJHQHUDWLRQ -RXUQDO RI FHOOXODU DQG PROHFXODU PHGLFLQH

 %HXHU ) 6FKZHLJHU - (GHOKRII ' 'LJLWDO GHQWLVWU\ DQ RYHUYLHZ RI UHFHQW
GHYHORSPHQWVIRU &$'&$0JHQHUDWHGUHVWRUDWLRQV%U'HQW-
 =KRX : /LX = 6RQJ / HW DO &OLQLFDO )DFWRUV $IIHFWLQJ WKH $FFXUDF\ RI *XLGHG
,PSODQW 6XUJHU\$ 6\VWHPDWLF 5HYLHZ DQG 0HWDDQDO\VLV - (YLG %DVHG 'HQW 3UDFW

 <DQJ:) &KRL:6 /HXQJ << HW DO 7KUHHGLPHQVLRQDO SULQWLQJ RI SDWLHQWVSHFLILF
VXUJLFDO SODWHV LQ KHDG DQG QHFN UHFRQVWUXFWLRQ $ SURVSHFWLYH SLORW VWXG\ 2UDO 2QFRO

 %DQHUMHH$7KRPSVRQ ,':DWVRQ7)0LQLPDOO\ LQYDVLYH FDULHV UHPRYDOXVLQJ ELR
DFWLYHJODVVDLUDEUDVLRQ-'HQW




GLVSHUVHG FHOOV RI HPEU\RQLF WRRWK JHUPV LQ D WKUHHGLPHQVLRQDO VFDIIROG (XU - 2UDO 6FL

 %UHVFKL/0DUDYLF7&XQKD65HW DO'HQWLQERQGLQJV\VWHPV)URPGHQWLQFROODJHQ












 0LWVLDGLV 7$ +DUDGD + 5HJHQHUDWHG WHHWK WKH IXWXUH RI WRRWK UHSODFHPHQW $Q
XSGDWH5HJHQHUDWLYHPHGLFLQH










$FLG+\GURJHO 5HVW\ODQH DV ,QMHFWDEOH 6FDIIROG IRU'HQWDO 3XOS5HJHQHUDWLRQ$Q ,Q9LWUR
(YDOXDWLRQ-(QGRG
 +RZHOO 7+ )LRUHOOLQL -3 3DTXHWWH': HW DO$ SKDVH ,,, FOLQLFDO WULDO WR HYDOXDWH D
FRPELQDWLRQ RI UHFRPELQDQW KXPDQ SODWHOHWGHULYHG JURZWK IDFWRU%% DQG UHFRPELQDQW










ERQHDOORJUDIW IRU ULGJHSUHVHUYDWLRQ$ UDQGRPL]HGFRQWUROOHG FOLQLFDO WULDO - 3HULRGRQWRO

 6DOHHP03LVDQL)=DKLG)0HWDO$GMXQFWLYH3ODWHOHW5LFK3ODVPD353LQ,QIUDERQ\
5HJHQHUDWLYH 7UHDWPHQW $ 6\VWHPDWLF 5HYLHZ DQG 5&7




 (VSRVLWR0 $UGHELOL <:RUWKLQJWRQ +9 ,QWHUYHQWLRQV IRU UHSODFLQJPLVVLQJ WHHWK
GLIIHUHQWW\SHVRIGHQWDOLPSODQWV&RFKUDQH'DWDEDVH6\VW5HY&'
 9DULROD ) %UXQVNL -%2UVLQL* HW DO 1DQRVFDOH VXUIDFHPRGLILFDWLRQV RIPHGLFDOO\
UHOHYDQWPHWDOVVWDWHRIWKHDUWDQGSHUVSHFWLYHV1DQRVFDOH
 6LQJK 3 8QGHUVWDQGLQJ SHULLPSODQWLWLV D VWUDWHJLF UHYLHZ 7KH -RXUQDO RI RUDO
LPSODQWRORJ\
 .DLJOHU ' $YLOD2UWL] * 7UDYDQ 6 HW DO %RQH (QJLQHHULQJ RI0D[LOODU\ 6LQXV %RQH
'HILFLHQFLHV8VLQJ(QULFKHG&'6WHP&HOO7KHUDS\$5DQGRPL]HG&OLQLFDO7ULDO-%RQH
0LQHU5HV











 %HUDKLP = 0RKDUDP]DGHK . 5DZOLQVRQ $ HW DO %LRORJLF LQWHUDFWLRQ RI WKUHH
GLPHQVLRQDOSHULRGRQWDOILEUREODVWVSKHURLGVZLWKFROODJHQEDVHGDQGV\QWKHWLFPHPEUDQHV
-3HULRGRQWRO






 7VHQJ 3 1DSLHU % *DUEDULQL / HW DO )XQFWLRQDO 5)7ULOD\HU 6HQVRUV IRU 7RRWK





)LJXUH  'HQWDO VWUXFWXUHV DQG SURSRVHG VWHP FHOOEDVHG DSSURDFKHV IRU GHQWDO SXOS DQG
SHULRGRQWDO UHJHQHUDWLRQ $ +LVWRORJLFDO VHFWLRQ VWDLQHG ZLWK WROXLGLQH EOXH RI D KXPDQ
PRODUWRRWK%& 6FKHPDWLFUHSUHVHQWDWLRQRISURSRVHGVWUDWHJLHV XVLQJGHQWDOPHVHQFK\PDO




)LJXUH 'HQWDO LPSODQWV IRU WRRWK UHSODFHPHQW$ 'HQWDO LPSODQWV \HOORZ DUURZKHDGV
LQVHUWHG LQWR WKH DOYHRODU ERQH RI D SDWLHQW % 3URJUHVVLYH WLVVXH UHJHQHUDWLRQ IROORZLQJ
LQVHUWLRQRI LPSODQWV& $SSOLFDWLRQRIFHUDPLF FURZQV UHGDUURZKHDGVRQWR WKH LQVHUWHG
GHQWDOLPSODQWV &RXUWHV\3URIHVVRU5RQDOG-XQJ
